A 2-year farm trial by employing the nutrient priming technique on common bean (Sarıkız) and cowpea (Şimal) seeds was performed to assess seed yield and protein content. Priming: (p1) control, (p2) KH 2 PO 4 , (p3) ZnSO 4 and (p4) KH 2 PO 4 +ZnSO 4 , planting date: (d1) 20 May, (d2) 15 June 2015, (d1) 7 May, (d2) 7 June 2016 were used to study the yield (kg ha -1 ) and crude protein (%) of the mentioned crops in Ankara, Turkey. In 2015, application of p3 and p4 (868.8, 834.8), d2 (962.3) and p4d2, p2d2 and p3d2 (1061, 1052, 1028) increased seed yield of Sarıkız, and p2 and p1 (899.5, 835.9) and d2 (955.9) increased the yield of Şimal. Treatments of p4 and p3 (18.7, 18.5), d2 (19.2), and p4d2 (21.3) increased the protein of Sarıkız and d2 (19.4) increased the protein of Şimal. In 2016, p3 (2506), d2 (2516) and p3d2 (3650) increased the yield, and p4 (26.1), d2 (26.8) and p4d2 (28.3) increased the protein of Sarıkız. Treatments of p3 (1979.1), d2 (2664.3) and p3d2 (3310.6) increased the yield, and d1 (24.1) and p3d1 (25.7) increased the protein of Şimal. Application of Zn and P by seed priming seems to effectively increase the yield and protein content of these crops.
Introduction
The most effective way to alleviate phosphorus (P) deficiency in crops is to add large quantities of phosphate fertilizers to the P-deficient soils, either as P solutions or soil applications. However, amelioration of P deficiency with large amounts of fertilizers is not a viable option for many farmers. Other methods for providing seeds with nutrients have shown serious limitations. Making high concentrations of P in seeds by increasing soil fertilization would increase the cost of seed production, as a result of partial fixation of this nutrient in the soil. Another way of providing seeds with P is coating them with this element which can stimulate early plant growth, but is less effective in increasing grain yield of plants, such as wheat in the field (Peltonen-Sainio et al., 2006) . However, seed dressing of some nutrients has been advised as a low-cost and highly effective approach, but priming the seeds with small amounts of nutrients before planting has been shown to partially increase nutrient use efficiency and it has been found to be effective for legume yield, so that a considerable increase in their yield has been observed (Musa et al., 2001; Rashid et al., 2004; Harris et al., 2004) . Seed P content, although constitutes a small proportion of total plant demand, may be effective for optimum plant establishment and growth. Generally, seed priming with P and zinc (Zn) nutrients around or within the seed may be an attractive solution to overcome P and Zn deficiencies and it has been found that on-farm seed priming with solutions of KH 2 PO 4 increased the yield of different crops grown on P-deficient soils (Ali et al., 2008) . Some investigations have been performed using primed seeds of chickpea and wheat and maize (Harris et al., 2007) with Zn solutions leading to high seed yields.
In terms of protein content of seed legumes, there are few studies on seed priming with Zn and P elements in spite of findings on the impacts of these on the improvement of the protein content of the cowpea (Chavan et al., 2012,) common bean (Poshtmasari, 2008) and green gram seeds (Muhammad et al., 2014) . Also, reports on the combined application of foliar spraying along with seed priming with Zn containing solutions in crops such as black gram which has increased protein content are found in the literature (Kshama, 2013) .
Planting date as a climatic factor plays an important role in the final yield of legumes by affecting the vegetative and reproductive stages and their ratio (Lopez-Bellido et al., 2008) . Suitable planting date causes the flowering stage not to coincide with high temperatures, leading to the highest pod production. Also, suitable planting date prolongs the duration of the vegetative stage to transport more assimilates to the sinks while the late planting date results in the early flowering leading to a dry matter reduction, a decline in the produced pods and finally yield loss (Mozumber et al., 2003) . It has been suggested that early cultivation of warm-season plants may negatively affect preliminary seedling establishment due to the lower rates of air temperatures (onset of spring). Also, when planting is performed at the beginning of the season which is earlier than optimum date, seed yield loss in such plants is expected because of encountering the stages of flowering, anthesis and early seed filling with high temperatures of July and August. On the other hand, late planting may prolong the seed filling period due to the lower air temperatures of the end of summer and early autumn (Khajehpour, 2000) . In this regard, it has been shown that in the semi-arid conditions of Northern Iran, high yields of cowpea have been obtained in June cultivation (Farahmand-Rad, 1999) .
The objective of this work was to assess the quality and quantity responses of common bean and cowpea plants to phosphorus and zinc seed treatments grown at different planting dates.
Materials and Methods
The field trial was run at the research farm of the Faculty of Agriculture, Ankara University, Ankara, Turkey during 2015 and 2016 growing years for the planting of the primed seeds to measure the seed yield of the common bean (Phaseolus vulgaris, Sarıkız), and cowpea (Vigna unguiculata, Şimal) crops. The priming section of the present work was carried out in the Laboratory of Seed Sciences, Faculty of Agriculture, Ankara University, Ankara, Turkey. For measuring the crude protein content of the crop, harvested seeds were analyzed in the Laboratory of the Soil and Plant Nutrition, Faculty of Agriculture, Ankara University. This work was carried out as a factorial experiment based on a randomized complete block design (RCBD) with three replicates. Factors included different seed priming treatments including (p1) control (untreated), (p2) KH 2 PO 4 10 g L -1 , (p3) ZnSO 4 4 g L -1 and (p4) KH 2 PO 4 5 g L -1 +ZnSO 4 2 g L -1 and planting dates: (d1) 20 May and (d2) 15 June for the year of 2015, and (d1) 7 May and (d2) 7 June for the year of 2016. In both years, before planting, seed priming was performed for 7 hours by immersion of seeds inside the mentioned salt solutions followed by drying of the seeds for 36 hours at 25°C and thereafter, the seeds were subjected to planting. Each plot comprised 5 rows three meters long and 50 cm apart, seeds were planted manually in the rows with a distance of 10 cm between the two plants.
For weed controlling in the first year, hand hoeing was employed for three times over the season. In the second year, Treflan® (Trifluralin) herbicide was applied on the soil surface and incorporated to the soil by a rotary tiller one week before planting.
Irrigation was done after planting and continued in 7-10-day intervals depending on the rainfall of the season and climatic conditions. At the end of the growing period of each planting date, while the pods turned yellow-gray in color, seeds were harvested from the two middle rows of each plot manually.
Seed yield
Sampling for measuring the seed yield was performed for all plants of the two middle rows of each plot by clipping them at the ground level including the whole pods. Since some of the pods were not absolutely dry while being at the maturity, they were left for air drying in plots for two days. Nearly at 13% relative humidity of the harvested seeds, pods were threshed to obtain the seeds and weighed as the yield per plot and then calculated as kg ha -1 .
Seed crude protein content
Seed crude protein content was measured for the harvested seeds. The amount of 0.5g of each seed set concerning the relevant priming treatment was taken. Samples were ground to fine flour for about 30 seconds and from which 0.252 g was stored at -20 °C until the protein extraction. Flour samples were subjected to determine nitrogen content by the micro Kjeldahl (AOAC, 2000) method and crude protein content was calculated by multiplying nitrogen % values by a conversion factor of 6.25.
Also, monthly average temperatures and monthly maximum temperatures over the growing seasons of the years of 2015 and 2016 in the experimental site (Ankara, Turkey) have been demonstrated in Table 2 .
Statistical analysis
Data were subjected to analysis by MSTAT-C program, mean comparisons were performed by Duncan's multiple range test at P <0.05, and graphs were drawn by Excel software. 
Results and discussion
Data of the analysis of variance of the seed yield and crude protein influenced by the priming and planting date of the years of 2015 and 2016 has been shown in Table 3 .
According to the results of the analysis of variance for both years and crops, effects of priming, planting date and interaction of priming and planting date (except for the interaction observed for Şimal in 2015) were significant (Table 3) . Planting date resulted in the significant difference between the yields of the two planting dates so that the second one caused 962.3 kg ha -1 of yield ( Figure 1e ). The rate of the seed yield at the first planting date reached 573.9 kg ha -1 , which demonstrates a nearly1.5-fold decrease compared to the second planting date. Also, p4d2, p2d2 and p3d2 interactions (1061, 1052 and 1028 kg ha -1 , respectively) jointly resulted in the highest seed yields (Figure 1f ). Figure 1 . The impact of different priming solutions (p1, p2, p3, p4) and planting dates (d1, d2) on the yield of Phaseolus vulgaris, Sarıkız, including priming (a), planting date (b) and interaction of priming × planting date (c) for the year of 2016, and priming (d), planting date (e) and priming × planting date (f) for the year of 2015, in the order of the highest rates. Data with the same letters have no significant differences to each other at P < 0.05.
Similar to the year of 2015, the second planting date caused the highest yield (2516 kg ha -1 ) (Figure 1b ). Furthermore, the interaction of planting date and priming (p3d2) was significantly effective on the yield (3650 kg ha -1 ) (Figure 1c ). For Şimal, the same to the results of Sarıkız, the p3 treatment and the second planting date were significantly effective on the yield (1979.1 and 2664.3 kg ha -1 , respectively) (Figures 2a and 2b) . As shown in Sarıkız, the interaction of priming Seed performance of common bean and cowpea by priming and planting date 387 and planting date resulted in the highest seed yield (p3d2 with 3310.6 kg ha -1 ) as well (Figure 2c ). Similar to Sarıkız, the planting date showed a significant difference in terms of seed yield of Şimal and the highest rates obtained at the second planting date (955.9 kg ha -1 ) (Figure 2e ). At the second planting date of the first year (2015), in relation to the first planting date, the growth period of Sarıkız from the flowering to the harvest time lasted 4 days more (45 compared to 41 days for the first date). In the same way, the growth period of Şimal from flowering to the harvest time lasted 34 days, which is 3 days more than that of the first date. For the second year (2016), these rates for the first and second planting dates of Sarıkız were 40 days versus 70 (30 days more than the fırst date) and these of Şimal were 27 and 45 days (18 days more than the first date). As we can see, in both years, the second planting dates showed the longer time to the harvest, leading to higher yields than those of the first dates most likely due to the more time to produce higher dry matter as affected by the climatic conditions, and especially air temperatures (Table 2 ) and this is the main reason for remarkably higher yields of the year of 2016 for both crops.
Optimum temperatures for bean crop vary between 21 and 25°C depending on the growth phase (Ferreira et al., 1997) and despite being warm-season crops, both Sarıkız and Şimal were negatively affected by high temperatures, especially over the reproductive stage. Considering Table 2 , it is clear that July and August were the warmest months across the growing seasons of both years and it should be noted that the planted crops at the first date suffered from the high temperatures over July. For example, the first planting date of the second year with longer exposure to the high temperatures resulted in the lowest amounts of the pods/plant for both crops, as a yield component (data not shown), which is in accordance with the findings of Adam et al. (2013) . This decrease in pod number may be attributed to the failure of pollination which has been shown in kidney bean (Prasad et al., 2002) . In addition, it has been reported that rising air temperature from 29 to 34°C during the seed filling stage significantly decreases soybean seed yield (Dornbos and Mullen, 1991; Adam et al., 2013) . Furthermore, it has been demonstrated that temperatures above 30/25°C (day/night) during the flowering and pod development reduce seed weight, regardless of temperatures during the seed filling period (Egli and Wardlaw, 1980) . As being the yield components, the number of seeds per pod is negatively affected by high temperatures as well . All of these features indicate the negative impact of high temperatures, which mostly coincides with the flowering stage, on the crop yield. In this regard, other researchers (Mani and Abas, 2014) have reported a decrease in the yield of the cowpea planted at the early season of the warm regions of Iran, which confirms our results on the yield loss resulted from the first planting date.
In the year of 2015, p3 and p4 treatments jointly increased the seed yield of Sarıkız at rates of 868.8 and 834.8 kg ha -1 compared to the control and p2 treatments (Figure 1d ). Contrary to the Sarıkız, p3 and p4 treatments did not affect the seed yield in Şimal. In the recent crop, p2 and p1 increased the yields at rates of 899.5 and 835.9 kg ha -1 , respectively (Figure 2d ). Hence, seed priming with KH 2 PO 4 was less effective on the yield of Şimal, the same way it was demonstrated in Sarıkız. Furthermore, another anomaly, compared to Sarıkız, is the remarkable impact of the non-primed seeds of Şimal on the yield increment.
In the year of 2016, p3 priming of Sarıkız resulted in the highest seed yield of 2506 kg ha -1 (Figure 1a ). Treatments of p4 and p1 were classified in the same group.
We found that providing the seed with P can be as important as planting date for improving the seed yield. There are some findings indicating the role of seed content of P in increasing grain yield of lupins (Bolland et al., 1989) , pasture legumes (Bolland and Paynter, 1990) , wheat (Burnett et al., 1997) and maize (Miraj et al., 2013) enriched with P (not merely by the priming procedure) under the field conditions. Although seed soaking in P solutions may delay seed germination of common bean (Teixeira et al., 1999) , several reports indicate the benefits of P supplied by the priming on the seed yield of bean (Setareh et al., 2013; Sixbert and George, 2012; Adelson et al., 2000) and cowpea (Ntare and Bationo, 1992; Nkaa et al., 2014) . Also, soaking seeds of barley (Zhang et al., 1998) and mung bean (Adnan et al., 2011) in P solutions has improved their yield that is in accordance with our results on Şimal and Sarıkız in the first year. Like P, seed treatment with Zn shows beneficial aspects in primed seeds. This element (Zn) is required for plant growth and is directly involved in the biosynthesis of growth regulators needed for the production of cells and biomass that will be stored in the plant organs, especially in seeds (Marschner, 1995) . It has been shown that seed priming of rice with Zn resulted in higher uptake of this element by the seedling (Nathan et al., 2001) , which may cause the yield improvement. Also, an increase in Zn content and final yield of chickpea primed with ZnSO 4 has been observed (Harris et al., 2008) . In addition, it has been reported that seed priming with Zn solutions significantly improved yield and related traits in common bean (Kaya et al., 2007) and chickpea (Mahnaz et al., 2015) . These findings are in accordance with our results.
According to the results of both years for Sarıkız and Şimal (Table 3) , priming, planting date and their interactions were significantly effective on the seed protein content except for priming in the second year for both crops.
In the year of 2015, the application of p4 and p3 on Sarıkız jointly increased the seed protein content compared to the control and p2 treatments, at rates of 18.7 and 18.5%, respectively (Figure 3d) .
Also, the second planting date remarkably increased the seed protein content of 19.2% (Figure 3e ), and p4d2 interaction significantly increased the seed protein content (21.3%) (Figure 3f ). Contrary to Sarıkız, the application of different seed priming treatments did not lead to any crude protein improvement and only planting date was effective on the seed protein content (19.4%) (Figure 4c ). Figure 3 . The impact of different priming solutions (p1, p2, p3, p4) and planting dates (d1, d2) on the crude protein content of Phaseolus vulgaris, Sarıkız, including priming (a), planting date (b) and interaction of priming × planting date (c) for the year of 2016, and priming (d), planting date (e) and priming × planting date (f) for the year of 2015, in the order of the highest rates. Data with the same letters have no significant differences to each other at P < 0.05.
In the year of 2016, the same to the results of Sarıkız for the year of 2015, the crude protein content of Sarıkız was significantly increased using p4 treatment (26.1%), but the effect of p3 was not significant on this trait (Figure 3a) . Also, the second planting date was significantly effective on the crude protein content of Sarıkız in both years and the highest amount (26.8%) ( Figure 3b ) was achieved in the second year (7% more protein content). In addition, p4d2 interaction significantly yielded the highest protein content of 28.3% (Figure 3c ) in 2016 and 21.3% in 2015 applied on Sarıkız. Considering the effect of planting date on Şimal, it is observed that contrary to the year of 2015, the first planting date of 2016 significantly improved the crude protein content (24.1%) (Figure 4a ). Finally, the interaction of p3d1 increasingly raised the crude protein content compared to the other combinations (25.7%) (Figure 4b ). With regard to the findings of both years, it is clear that the year of 2016 had the relatively higher values both in terms of seed yield and seed crude protein content and this difference in the measured traits was higher, especially in values of the year of 2016. There are few studies on supplying Zn for increasing the protein content of legumes by seed priming while the relationship between seed Zn content and protein concentration in cereal and legume seeds has been found (Levent et al., 2006; Cakmak et al., 2004) . Priming is considered as one of the ways to enhance seed content of Zn. In this regard, Johnson et al. (2005) found that Zn content of chickpea and lentil seeds after priming with ZnSO 4 solution increased about 10fold in comparison to the initial Zn content. These rates may also be provided by the other fertilization methods but without any benefits of the priming. Zn actively affects nitrogen metabolism that may result in protein synthesis (Fageria et al., 2003) . In other words, protein synthesis is negatively affected by Zn deficiency, and an increase in the seed protein content makes a sink for Zn, and there is a close positive correlation between the seed protein content and Zn concentration (Cakmak et al., 2010) . It has been found that in case of higher rates of Zn concentration in shoot meristematic tissues of rice than in mature leaves, a high rate of protein synthesis is observable (Kitagishi and Obata, 1986) , while in leaves of bean under conditions of Zn deficiency, the concentration of soluble proteins is decreased (Cakmak, 1989) . Also, a significant positive effect of zinc treatment on crude protein content in the seeds of mung bean has been found (Krishna, 1995) . Various enzymes are responsible for the carbohydrate metabolism and protein biosynthesis and activation and kinetics of these enzymes intrinsically depend on Zn content (Fageria et al., 2003; Broadley et al., 2007) . Similar to the seed priming, other methods of Zn application like foliar spraying increase the seed protein content of crops such as cowpea (Hemn, 2013) . In addition to the Zn, some studies have shown that P nutrient has led to the increase in the seed protein content of soybean (Dalshad et al., 2013; Soares et al., 2014) , rice bean (Asghar Malik et al., 2002) and moth bean (Nishi et al., 2007) . This may be due to the improved uptake of elements like N in plants subjected to the seed priming with KH 2 PO 4 . In such cases, an increase in the protein content of 21-day-old mung bean plants has been observed (Adnan et al., 2013) . Also, the seed treatment of mung bean with KH 2 PO 4 enhances nitrogen fixation (Adnan et al., 2011) . High seed P concentration produces plants less dependent on soil P supply and can enhance nitrogen fixation in common bean which leads to the higher protein content of the seeds (Teixeira et al., 1999) . In addition, P is necessary for seed formation and is a fundamental element for nodule metabolism in legumes (Gutierrez-Rodriguez et al., 2006) and it is required to regulate the activity of several proteins through phosphorylation reactions (Martinez-Ballesta et al., 2010) .
Conclusion
Planting date significantly influenced seed protein content in Sarıkız in 2015 and 2016 and this result was obtained in Şimal at least in 2015. In terms of seed yield, the same trend was observed in Sarıkız and Şimal in the second planting date of 2015 and 2016 indicating that the planting date of these plants should be arranged so that the flowering stage does not coincide with the warmest temperatures of the summer which may be achieved by few days of delay in the early spring. Also, considering the findings of this work on the impact of P and Zn priming on an increase in the seed yield and protein content, we suggest that by increasing P, as an element consumed in legumes in large amounts, and Zn content of the seeds of Sarıkız and Şimal, high rates of yield and protein content may be achievable while cellular mechanisms and changes in the plant metabolism linked to the priming remain unknown to some extent, and we propose further studies in this regard.
